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ABSTRACT 

We present deep BVRI CCD photometry of the stars in the dwarf irregular galaxy UKS 2323-326 in 
the Sculptor Group. The color-magnitude diagrams of the measured stars in UKS 2323-326 show a blue 
plume which consists mostly of young stellar populations, and a well-defined red giant branch (RGB). 
The tip of the RGB is found to be at /trgb = 22.65 ± 0.10 mag. From this the distance to this galaxy 
is estimated to be d = 2.08 ± 0.12 Mpc. The corresponding distance of this galaxy from the center of 
the Local Group is 1.92 Mpc, showing that it is located outside the Local Group. The large distance, 
combined with its velocity information, indicates that it is very likely to be a member of the Sculptor 
Group. The mean metallicity of the red giant branch is estimated to be [Fe/H] — — 1.98±0.17 dex. Total 
magnitudes of UKS 2323-326 (< rn — 70 arcsec) are derived to be — 14.07 mag, = 13.50 mag, 
= 13.18 mag, and = 12.83 mag, and the corresponding absolute magnitudes are Mb = —12.58 
mag. My = —13.14 mag, Mr — —13.45 mag, and M/ = —13.79 mag. Surface brightness profiles of the 
central part of UKS 2323-326 are approximately consistent with a King model with a core concentration 
parameter c = log(rt/rc) ~ 1.0, and those of the outer part follow an exponential law with a scale length 
of 21 arcsec. The magnitudes and colors of the brightest blue and red stars in UKS 2323-326 (BSC and 
RSG) are measured to be, respectively, < 1/(3) >bsg^ 20.33±0.25 mag, < (B-U)(3) >bsg= 0.14±0.07 
mag, < U(3) >RSG= 20.74 ± 0.18 mag, and < {B - I/)(3) >rsg= 1-35 ± 0.08 mag. The corresponding 
absolute magnitudes are derived to be < My (3) >bsg= —6.31 mag and < My (3) >rsg= —5.91 mag, 
which are about half magnitude fainter than those expected from conventional correlations with galaxy 
luminosity. 

[To appear in the Astronomical Journal in August, 1999] 

Subject headings: galaxy: evolution — galaxies: irregular — galaxies: individual (UKS 2323-326) — 
galaxies: stellar content — galaxies: photometry — Distance scale 



1. INTRODUCTION 

UKS 2323-326 (UGCA 438) is a faint dwarf irregular 
galaxy in Sculptor discovered by Longmore ct al. (1978). 
In the discovery paper, Longmore et al. estimated the 
distance to this galaxy from the rough estimate of the 
magnitude of the brightest stars, to be 1.3 Mpc with a 
large error of ±50 %. Since then this galaxy has b een of- 



ten considered to be a member of the Local Group (Long- 
more et al. 1978|, [Mateo 19981). On the other hand, the 



velocity of UKS 23 23-326 from the cente r of the Local 
Group, 82 km s^^ (Longmore et al. 197S), suggests that 



it may not belong to the Local Group (van den Bcrgh 1994 
Lee 1995a). Accurate measurement of the distance to this 
galaxy is needed to resolve this problem. 

Longmore et al. (1978) measured the HI flux of 15 ± 3 
Jy km s~^ at the heliocentric velocity of 62 ± 5 km s^^ 
, and derived, using eye-estimate with the photographic 
plates, the magnitude of the brightest blue stars in UKS 
2323-326, B = 19.3 ± 0.5 mag. After the discovery paper, 
however, there has been published no detailed photometric 
study for this galaxy. 

In this paper we present a study of stellar populations 
of UKS 2323-326 based on deep BVRI CCD photometry, 



and show that this galaxy is outside the Local Group and 
is a member of the Sculptor Group. This paper is com- 
posed as follows. Section 2 describes the observations and 
data reduction, and Section 3 investigates the morpholog- 
ical structure of UKS 2323-326. Section 4 presents the 
color-magnitude diagrams of UKS 2323-326, Section 5 es- 
timates the distance to UKS 2323-326. Section 6 presents 
the surface photometry of UKS 2323-326 and Section 7 
discusses the group membership, the stellar populations, 
and the brightest stars of UKS 2323-326. Finally, sum- 
mary and conclusion are given in Section 8. 

2. OBSERVATIONS AND DATA REDUCTION 

BVRI CCD images of UKS 2323-326 were obtained on 
the photometric night of 1994 October 7 (UT) using the 
University of Hawaii 2.2 m telescope at Mauna Kea. Table 
1 lists the journal of the observations of UKS 2323-326. A 
grey scale map of the T/-band CCD image of UKS 2323- 
326 is displayed in Fig. 1. The size of the field of view is 
7'. 5 X 7'. 5 and the (2x2 binned) pixel scale of the CCD 
is 0.44 arcsec pixel"^. 

For the analysis of the data we have divided the field 
covered by our CCD images into three regions as shown 
in Fig. 1: the C-region which covers the central region 
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(r < 44") of UKS 2323-326, the I-region which covers the 
outer region (44" < r < 77") of the galaxy , and the F- 
region which represents a control field with the same area 
of the C-rcgion plus I-rcgion. 

Instrumental magnitudes of the stars in the CCD im- 



ages were derived using DoPHOT (Bchechter, Saha, & Ma 
teo 1 j93|). These magnitudes were transformed onto the 
standard system using the standard s tars observed d uring 
two nights including the same night (Landolt 1992). The 
transformation equations we derived from the photometry 
of the standard stars are: V = u - 0.075(6 - u) - 0.118X + 
constant, {B — V) = 1.130(6 — v) — O.lllX + constant, 
(V - R) = 0.970(u - r) - 0.030X + constant, and / = 
i + 0.050(w — i) — 0.082X + constant, where upper cases 
and lower cases represent, respectively, the standard sys- 
tem and instrumental system. X represents the air mass. 
The rms scatter of the solutions are 0.01 - 0.02 mag. The 
total number of stars which were measured at V and at 
least one other color in the CCD image is ~2,000. Table 2 
lists BVRI photometry of the measured bright stars with 
V < 22.5 mag in the field of UKS 2323-326. The coor- 
dinates X and Y in Table 2 are given in units of pixel ( 
= 0.44 arcsec), and increase to the east and to the south, 
respectively. 

3. MORPHOLOGICAL STRUCTURE 

Unfortunately there is a very bright star 20" south-east 
of the center of UKS 2323-326, as shown in Fig. 1. It 
is about 14 mag foreground star (Longmore et al. 1978) 
and is saturated in all our CCD images. Fig.l shows that 
there are several tens of bright stars concentrated in the 
central region of UKS 2323-326. These stars are consid- 
ered mostly to be the members of UKS 2323-326 and are 
young massive stars as shown later. The main body of the 
galaxy is mostly seen inside the C-region, and is slightly 
elongated along the south-east direction. However, the 
outer part of the galaxy seen at the faint level extends 
out to the boundary of the I-region (r = 77"), and is im- 
pressively almost circular. There are few bright stars in 
the I-region. Instead there are many faint stars seen bet- 
ter in R and / images of the I-region, which are probably 
old red giant stars as seen later. Therefore UKS 2323-326 
is a circular galaxy, in the central region of which there 
are irregularly distributed some bright stars. This kind of 
structure that some young stars are irregularly distributed 
against the smooth background of old stellar popula t ions 
is cornmon among irregular galaxies (pandage 1971 j_ Lcc 



1993 



1996) 



Lee, Freedman, fc Madore 1993| , ^inniti fc Zijlstre 



4. COLOR-MAGNITUDE DIAGRAMS 

UKS 2323-326 is located 71 deg below the galactic plane 
in the sky so that the foreground reddening for UKS 2323- 
326 is expected to be very low. We adopt in this study 
the foreground reddening value of E{B — V) — 0.014 mag 
for UKS 2323-326 given by Schlegel, Finkbeiner, & Davis 
(1998). 

We display V-{B - V) and - I) diagrams of 520 

measured stars in the C-region, 280 measured stars in the 
I-region, and 89 measured stars in the F-region in Figs. 2 
and 3. Note that the area of the (C-l-I)-region in the field 
is the same as that of the F-region so that we can estimate 



the contamination due to foreground stars by comparing 
directly the diagrams of each region. 

Several distinguishable features of the stars in UKS 
2323-326 are seen in Figs. 2 and 3. First, there is a 
blue plume of bright stars with {B — V) < 0.4 in the 
C-region (filled circles). Comparison of the C-region and 
the F-region in Fig. 2 shows that these bright blue stars 
are mostly members of UKS 2323-326. The brightest 
end of the blue plume extends up to ~ 20.0 mag and 
{B — V) « —0.1. These stars are mostly massive stars 
which were formed recently. Stars in the I-region are all 
fainter than V = 23 mag (open circles) , much fainter than 
those bright stars in the C-region. This shows that there 
was little star formation in the outer part of UKS 2323-326 
recently. 

Secondly, there are five red bright stars with 20.0 < V < 
21.5 mag and 1.2 < {B - V) < 1.5 in the C-region in Fig. 
2. This area of the F-region color-magnitude diagram is 
devoid of stars. Therefore these stars are probably the 
members of UKS 2323-326. These stars are considered to 
be red supergiant stars which were formed recently. 

Thirdly, Fig. 3 shows that there is a strong concentra- 
tion of red stars fainter than / « 21.5 mag in the (C-l-I)- 
region. Most of these stars are probably old red giant 
branch (RGB) stars of UKS 2323-326. 

5. DISTANCE AND METALLICITY 

We estimate the distance to UKS 2323-326 using the / 
magnitude of the tip of the RGB (TRGB), as described 
in Da Costa & Armandroff (1990) and Lee, Freedman, & 
Madore (1993). The / magnitude of the TRGB is esti- 
mated using the I — {V — I) diagram in Fig. 3 and the 
luminosity function of red giant stars. Fig. 4 shows the I- 
band luminosity function of the measured red stars in the 
I-region (solid line) and the C-region (dotted line), from 
which the contribution due to field stars was subtracted. 
We also plot the luminosity functions of the similar stars 
in the field with the same area as the (C-l-I) region in Fig. 
4, which shows that the contribution due to field stars is 
very small. 

The I-region is more appropriate for measuring the mag- 
nitude of the TRGB than the C-region, because there are 
several young bright stars in the C-region and because 
the crowding is more severe in the C-region than in the 
I-region. In Fig. 4, as the magnitude increases, there is a 
sudden increase at / = 22.65 ±0.10 mag in the luminosity 
function of the I-region, which corresponds to the TRGB 
seen in the color-magnitude diagram in Fig. 3. Several 
stars brighter than the TRGB are mostly asymptotic giant 
stars of inte rmediate age, also seen in other dwarf galaxies 
( Lee 1995b ). A dip seen at the magnitude of the TRGB 
in the luminosity function of the C-region is a statistical 
fluke. 

The mean color of the TRGB is estimated to be {V — 
I) = 1.43 ±0.05. The bolomctric magnitude of the TRGB 
is then calculated from Mboi = -0.19[Fe/II]-3.81. Adopt- 
ing a mean metallicity of [Fe/H] — — 1.98 ± 0.17 dex as es- 
timated below, we obtain a value for the bolomctric mag- 
nitude of Mboi = —3.43 mag. The bolomctric correction 
at / for the TRGB is estimated to be BC/ = 0.54 mag, 
adopting a formula for the bolomctric correction BC/ = 
0.881 - 0.243(y - /)trgb- The intrinsic / magnitude of 
the TRGB is then given by M/ = Mboi - BC/ = -3.97 
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mag. Finally the distance modulus of UKS 2323-326 is 
obtained: (m — M)q — 26.59 ± 0.12 mag (corresponding to 
a distance of 2.08 ± 0.12 Mpc) for an adopted extinction 
of Ai = 0.03 mag. 

We have estimated the mean metallicity of the RGB 
stars in UKS 2323-326 using the {V - I) color of the 
stars 0.5 mag fainter than the TRGB, {V - /)-3.5. This 
color is measured from the median value of the colors of 
17 red giant branch stars with / = 23.10 ± 0.10 mag, to 
be {V — /)-3.5 = 1.29 ± 0.04. From this value we estimate 
the mean metallicity to be [Fe/H] = —1.98 ± 0.17 dex. In 
Fig. 5 we overlayed the loci of the red giant branches of 
Galactic globular clusters, of M15, M2, and NGC 1851, 
shifted according to the distance and reddening of UKS 
2323-326. The metallicities of M15, M2 and NGC 1851 
are [Fe/H] = -2.17, -1.58 and -1.29 dex, respectively. Fig. 
5 shows that the bright part of the RGB of UKS 2323- 
326 is located well between those of M15 and M2. The 
broadening of the faint part of the RGB is mostly due to 
the photometric errors, as shown by the error bars in Fig. 
5. Thus the mean metallicity of the RGB stars in UKS 
2323-326 is very low, and is close to th e lowest end in the 
metal hcity of dwarf irregu lar galaxies (|Lee, Freedman, & 
Mado[eT99|; Lee 1995a,b jMateo 1998| ; pee et al. 1999| y~"^ 



6. SURFACE PHOTOMETRY 

It is very difficult to derive reliably the surface photom- 
etry of UKS 2323-326, because of the presence of very 
bright foreground star close to the center of the galaxy. 
We have obtained the surface photometry of UKS 2323- 
326 as follows. First, we removed in the original CCD 
images the images of very bright foreground star and sev- 
eral other bright stars which were obviously considered to 
be foreground stars in the area of UKS 2323-326, using 
IMEDIT in IRAF. Then we performed aperture photome- 
try of UKS 2323-326 using the circular annular aperture. 
The value of the sky background was estimated from the 
mean intensity of the F-region. Subtraction of the very 
bright 14 mag star from the image of the galaxy is very 
difficult. The error due to this problem is not easy to 
quantify, but may be significant in the photometry of the 
galaxy. Therefore the surface photometry of the galaxy 
derived in this study is only approximate. 

The results of surface photometry of UKS 2323-326 are 
listed in Table 3 and are displayed in Fig. 6. In Table 3 Toff 
presents the mean major radius of an annular aperture, 
and Tout represents the outer radius of an annular aper- 
ture. Fig. 6(a) shows that the surface brightness profiles 
are almost flat in the central region of the galaxy (r < 20 
arcsec), and follow approximately the exponential law in 
the outer part (r > 20 arcsec). We fit the V surface bright- 
ness profile of the inner region of UKS 2323-3 26 with the 
single-mass isotropic King models ( King 1966| ) and that of 
the outer region with the exponential law in Fig. 7. Fig. 7 
shows that the surface brightness profile of the inner region 
is roughly fit by a King model with a core concentration 
parameter c = log(r(/rc) w 1.0, where Tc and rj represent 
the core radius and tidal radius, respectively. The surface 
brightness profiles of the outer region are fit roughly by an 
exponential law with a scale length of r = 21 arcsec — 210 
pc. Fig. 6(b) illustrates the surface color profiles for the 
region at r < 40 arcsec. The colors files are plotted only 
for the region at r < 40 arcsec, beyond which the errors of 



the colors are too large. The color profiles are almost con- 
stant and become slowly redder outward from the center to 
r « 40 arcsec. The rapid change of the color profiles right 
close to the center is due to a bright star in the central 
region. The properties of the surface brightness and color 
profiles o f UKS2323-326 are similar to those of other d warf 
galaxies ( [Kormendy fc Djorgovski 1989 , Mateo 199^ ). 

From the data of the surface photometry we have de- 
rived several basic parameters of UKS 2323-326 as fol- 
lows. The standard radius and Holmberg radius of UKS 
2323-326 are measured to be r25 = 46 arcsec = 460 pc 
and rn = 70 arcsec = 700 pc, respectively. These radii 
are similar, respectively, to the radii of the C-region and 
I-region shown in Fig. 1. Note that our value for the Holm- 
berg radius is much larger than the value Longmore et al. 
(1978) derived roughly from their photographic plate, th 
= 45 arcsec. 

The central surface brightness of UKS 2323-326 is mea- 
sured to be hb{0) = 23.4 mag arcsec"^, ^y(O) = 22.9 mag 
arcsec"^, hr{0) = 22.6 mag arcsec"^, and ^/(O) = 22.2 
mag arcsec"^. The total magnitudes of UKS 2323-326 
within th are derived to be = 14.07 mag, = 13.50 
mag, = 13.18 mag, and = 12.83 mag, and the cor- 
responding absolute magnitudes are Mb — —12.58 mag, 
My = -13.14 mag, Mr = -13.45 mag, and Mj = -13.79 
mag. B total magnitude of UKS 2323-326 derived in this 
study, B^ = 14.07 mag, is about 1 mag brighter than that 
given by Longmore et al. (1978), B^ = 15.2 mag. 

7. DISCUSSION 

7.1. The Group Membership of UKS 2323-326 

We have measured the distance to UKS 2323-326 to 
be d = 2.08 ± 0.12 Mpc from the /-band magnitude of 
the TRGB, whic h is an accurate distance indicato r for re- 
solved galaxies ( Lee, Freedman, fc Madore 1993| , [Salaris 
fc Cassisi 1998). Our value is 1.6 times larger and much 



more accurate than the value Longmore et al. (1978) sug- 
gested, from the eye-estimate of the magnitude of the blue 
brightest stars, d = 1.3 Mpc with an error of ±50 %. Our 
result shows that UKS 2323-326 is obviously outside the 
Local Group. The mean distance of the Sculptor group is 
2.5 Mpc and the radius of the Sculptor grou p is '-^l.l Mpc 
(iPuche fc Carignan 1988| , |C6te et al. 1997| , [lerjen, Free^ 
man, fc Binggch 19981) UKS2323-326 is located in the 



western boundary of the Sculptor group in the sky (see 
the map of the Sc ulptor group members given in Fig. 4 of 
Cote et al. 1997]). Therefore UKS 2323-326 is definitely 



considered to be a member of the Sculptor group. 

This conclusion is consistent with the measured velocity 
of UKS 2323-326. From the measured heliocentric veloc- 
ity of this galaxy, w = 62 ± 5 km s"""^ , the velocity of UKS 
2323-326 from the cen ter of the Local Group i s calculate d 
to be 84 ±5 km s"i ( [Longmore ct al. 1978| , |Lcc 1995b| ). 
This value is 24 km s~^ larger than the maximum value 
of 60 km s~^ typically used as the boundary of the Local 
Group, showing that this galaxy is probably outside the 
boundary of the Local Group. 

Cote et al. (1997) excluded UKS 2323-326 in the list 
of dwarf candidates for the Sculptor group, based on the 
results given by Longmore et al. (1978). However, our 
results show that this galaxy should be included as a mem- 
ber of the Sculptor group. 
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7.2. Stellar Populations in UKS 2323-326 

In the discovery paper Longmore et al. (1978) detected 
no HII region in UKS 2323-326 (which was confirmed later 
by Miller 1996) and pointed out that the low optical sur- 
face brightness and blue color of this galaxy is difficult 
to reconcile using current evolutionary models of late- type 
galaxies. However, it is shown here that the blue color of 
this galaxy is due to a presence of young stellar popula- 
tions. 

We have investigated roughly the properties of young 
stellar populations seen in Fig. 2 using the theoretical 
isochrones. In Fig. 8, we overlay, in the V — {B — V) dia- 
gram of UKS 2323-326, three isochrones for the metallicity 
of Z = 0.001 ([Fe/H] = - 1.2 dex) an d ages of 10, 30, an d 
100 Myrs given by the Padova Group ( |BcrteUi et al. 1994| ). 
Fig. 8 shows (1) that the brightest blue and red stars in 
UKS 2323-326 match roughly the blue and red loops of the 
isochrone with an age of 30 Myrs, and (2) that the bright- 
est main-sequence dX V ~ 21.5 (about 1 mag below the 
brightest blue supergiants) indicates an age of 10 Myrs. 
These results show that stars were formed as recently as 
10 Myrs ago in UKS 2323-326. On the other hand, a well- 
developed RGB shown in the I — {V — I) diagram of Fig. 
3 shows that the bulk of the stars in UKS 2323-326 were 
formed before a few Gyrs ago, and a small number of AGB 
stars above the TRGB were probably formed a few Gyrs 
ago. 

Fig. 9 displays the V luminosity function of the main- 
sequence stars with {B-V)< 0.4 in UKS 2323-326. The 
luminosity function we derived is incomplete for the faint 
end, but is reasonably complete for U < 23 mag. The 
bright part of the luminosity function (21.4 < U < 23 
mag, —4.2 < My < —3.6 mag) is approximately fit by a 
line with a logarithmic slope of 0.52±0.12, whic h is similar 
to those of other irregular and spiral galaxies ( Frecdmaij 
' 19861 , iHoessel 1986| ). 

The integrated HI flux of this galaxy was measured to be 
15 ± 3 Jy km s~^ ( [Longmore et al. 1978 , Longmore et al, 
1982), and Longmore et al. (1978) pointed out that the 



ratio of the HI mass to B luminosity of this galaxy they de- 
rived, Mhi/Lb = 2.7 Mq/Lq, is rather large for normal 
irregular galaxies. With better data for the distance and 
luminosity obtained in this study, we derive an HI mass, 
Mhi = 1.5 X 10'^ Mq, a B luminosity. Lb = 1.67 x lO'^ 
Lq, and a ratio of Mhi/Lb = 0.9 Mq/Lq which is much 
lower than the value given by Longmore et al. (1978). 
Our value for the ratio of the HI m ass to B lum inosity is 
typical for dwarf irregular galaxies (Mateo 1998). 



7.3. The Brightest Blue and Red Stars m UKS 2323-326 

Longmore et al. (1978) estimated roughly from the 
survey plate the magnitude of the brightest blue stars in 
UKS 2323-326 to be B = 19.3 ±0.5 mag, and used this re- 
sult to derive the distance to this galaxy, obtaining a value 
of 1.3 Mpc. With our photometry we can investigate in 
detail the properties of the brightest stars in this galaxy. 

In the V — {B — V) diagram of the C-region of UKS 
2323-326 (filled circles) shown in Fig. 2, it is obvious 
which stars are the three brightest blue and red stars in 
UKS 2323-326. Three brightest blue stars (called BSG) 
are IDs 1055, 1002, and 1116, and three brightest red stars 
(called RSG) are IDs 956, 1058, and 821, as hsted in Table 



2. There is one very blue star (ID 1140) as bright as ID 
1116, but the color is too blue, [B -V) = -0.49 to be a 
normal star. Inspection of the image of this object shows 
that the image is slightly asymmetric so that the point- 
spread function fitting photometry of this object may not 
be as good as that of other normal stars. So we did not 
include it in the sample of the three brightest blue stars. 
The mean magnitudes and colors of these three brightest 
blue and red stars in UKS 2323-326 are derived to be, re- 
spectively, < T^(3) >BSG= 20.33 ± 0.25 mag and < (J5 - 
V^)(3) >BSG= 0.14±0.07, and < V{i) >rsg= 20.74±0.18 
mag and < (B - V){3) >rsg= 1-35 ± 0.08. (If ID 1116 
is replaced by ID 1140, the mean values will be slightly 
changed: < V{3) >bsg= 20.32 ± 0.28 mag and < {B - 
V){3) >BSG^ -0.04±0.32.) The corresponding absolute 
magnitudes and colors are < My (3) >bsg= —6.31 ± 0.25 
mag, < {B-V){3) >bsg,o= 0.14±0.07, < My(3) >rsg^ 
-5.91±0.18mag ,and < {B-V){3) >_r,sg,o= 1.34±0.08, 
respectively. 

The luminosity of the brightest stars in galaxies is 
known to be correlated with the luminosity of the par- 
ent galaxies. Recently Lyo & Lee (1997) presented, 
from the analysis of 17 galaxies (with Mb < — 14 mag) 
to which Cepheid distances are available, calibrations 
for the relation between the magnitudes of the bright- 
est stars and the magnitudes of the parent galaxies: < 
Mv{3) >BSG= 0.30MB(gal) - 3.02 with a = 0.55 mag, 
and < My(3) >rsg= 0.21MB(gal) - 3.84 with a = 0.47 
mag. Using these relations, we derive < My (3) >bsg= 
—6.79 mag and < My(3) >rsg= —6.48 mag for the abso- 
lute magnitude of UKS 2323-326 as derived in the previ- 
ous section. Thus the magnitudes of the brightest stars in 
UKS 2323-326 are 0.5-0.6 mag fainter than those expected 
from the relation for the bright galaxies. 

8. SUMMARY AND CONCLUSION 

We have presented a study of the stellar populations in 
the dwarf irregular galaxy UKS 2323-326 based on deep 
BVRI CCD photometry. The primary results obtained in 
this study arc summarized as follows and the basic infor- 
mation of UKS 2323-326 is hsted in Table 4. 

(1) BVRI color-magnitude diagrams of the stars in the 
7'.35 X 7'. 35 area of UKS 2323-326 have been presented. 
These color-magnitude diagrams exhibit a blue plume, a 
well-defined RGB, and a small number of AGB stars with 
intermediate age. 

(2) The tip of the RGB is found to be at / = 22.65±0.10 
mag and {V — I) ~ 1.43 ± 0.05 mag. From this value we 
derive a distance modulus of UKS 2323-326 of (m — M)o = 
26.59 ± 0.12 mag, and a distance of 2.08 ± 0.12 Mpc. The 
corresponding distance of UKS 2323-326 from the center 
of the Local Group is derived to be 1.92 Mpc. From this 
result and the systemic velocity of UKS 2323-326 {v = 62 
km s^^ ), we conclude that UKS 2323-326 is outside the 
Local Group and is a member of the Sculptor group. 

(3) The mean color of the RGB at M/ = —3.5 mag is 
{V — I) = 1.29 ± 0.04 mag. From this value we obtain a 
mean metalhcity of the RGB: [Fe/H] -1.98 ± 0.17 dex. 
The metallicity of the RGB in UKS2323-326 is close to the 
lowest end in the metallicity of dwarf irregular galaxies. 

(4) The total magnitudes of UKS 2323-326 within th 
are derived to be Mb = —12.58 mag, My = —13.14 mag, 
Mr = -13.45 mag, and M/ = -13.79 mag. The cen- 
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tral surface brightness is measured to be /j,_b(0) = 23.4 
mag aresec^^ and /xy(0) = 22.9 mag arcsec^^. Surface 
brightness profiles of the central part of UKS 2323-326 
are approximately consistent with a King model with a 
core concentration parameter c ~ log^rtjr^ k, 1.0, and 
those of the outer part follow an exponential law. 

(5) The magnitudes of three brightest blue and red 
stars in UKS 2323-326 are derived: < My (3) >bsg= 
-6.31 ± 0.25 mag and < My(3) >rsg= -5.91 ± 0.18 
mag, which arc about half magnitude fainter than those 
expected from conventional correlations with galaxy lumi- 



nosity. 
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Fig. 2. — (a) V-{B — V) diagram of the measured stars in the C-region plus I-region of UKS 2323-326. Filled circles and open circles 
represent the stars in the C-region and I-region, respectively, (b) V-{B — V) diagram of the measured stars in the F-region. 



8 



Dwarf Galaxy UKS 2323-326 



18 



UKS2323-326: (C + I)-Region 



20 



22 - 



• • • 



o 




24 



H — ^ — \ — \ — — \ — \ — \ — \ — — \ — \ — \ — \ — — \ — \ — \ — h 



(a) 

H — h 



F — Region 



20 



22 



X " X 



24 



X XX 
XX 



(b) 



J I I I I I I I I I I L_ 



_l I I L_ 







3 



(v-i) 



Fig. 3. — (a) I-{V — I) diagram of the measured stars in the C-region plus I-region of UKS 2323-326. Filled circles and open circles represent 
the stars in the C-region and I-region, respectively, (b) I-{V — /) diagram of the measured stars in the F-region. 
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Fig. 4. — 7-band luminosity function of the red giant branch stars in the C-region and I-region. The tip of the red giant branch is labelled as 
TRGB. The thick solid line, dotted line and dashed lines represent the luminosity functions of the I-region, C-region, and F-region, respectively. 
The contribution due to field stars was subtrax;ted from the luminosity functions of the C-region and the I-region. 
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(v-i) 



Fig. 5. — I-{V — I) diagram of the measured stars in the I-rcgioii (open circles) and C-rcgion (filled circles) of UKS 2323-326 in comparison 
with the red giant branches of Galactic globular clusters. The solid curved lines show, from left to right, the loci of the giant branches of M15, 
M2, and NGC 1851, the metallicities of which are [Fe/H] = -2.17, -1.58 and -1.29 dex, respectively. The mean errors for the magnitudes and 
colors axe illustrated by the error bars at the right. 
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Fig. 6. — Surface photometry of UKS 2323-326. (a) Surface brightness profiles vs radius along the major axis. B, V, R and I magnitudes 
are represented by the open squares, filled circles, open triangles, and crosses, (b) Differential colors vs radius along the major axis. 
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Fig. 7. — Fits to the surface brightness profiles of UKS 2323-326. (a) King model fitting. Filled circles and open squares represent, 
respectively, V and B surfa<;e brightness profiles, (b) Exponential law fitting. 
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(B-V) 



Fig. 8. — V—{B~V) diagram of the measured stars in the C-region (filled circles) and I-region (open circles) of UKS 2323-326 in comparison 
with theoretical isochrones. The solid lines represent the Padova isochrones for the metallicity of Z = 0.001 ([Fe/H] = -1.2 dex) and ages of 
10, 30, and 100 Myrs. The mean errors for the magnitudes and colors are illustrated by the error bars at the right. 
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Fig. 9. — y-band luminosity function of the bright main-sequence stars with {B — V) < 0.4 in UKS 2323—326. The dashed line represents 
a linear fit to the data for the range of 21.4 <V<23 mag. 



Lee and Byun 



15 



Table 1 

JOURNAL OF OBSERVATIONS FOR UKS 2323-326. 



Filters Texp Air mass FWHM U.T. (Start) 



B 300 s 1.68 1.1" 1994 Oct 7 09:41 

V 3 X 700 s 1.66 1.0" 1994 Oct 7 09:00 

R 3 X 500 s 1.63 1.0" 1994 Oct 7 08:27 

/ 4 X 400 s 1.66 0.9" 1994 Oct 7 07:48 



TABLE 2. 

PHOTOMETRY OF THE BRIGHT STARS WITH V < 22.5 MAG IN UKS2323-326. 



ID 


X(px) 


Y(px) 


V 


(B-V) 


iV-R) 




ID 


X(px) 


Y(px) 


V 


{B-V) 


iV-R) 


{V I) 


173 


810 


9 


196.6 


17 


83 


0.63 


0.41 


0.82 


1013 


532.0 


626.7 


21 


43 


0.12 


-0.10 


0.01 


1659 


177 


2 


805.2 


18 


01 


0.56 


0.36 


0.69 


1445 


856.5 


713.0 


21 


48 


0.79 


0.52 


1.02 


1858 


268 


6 


921.5 


18 


09 


0.65 


0.48 


0.89 


185 


805.8 


203.7 


21 


60 


1.17 


-0.84 


-0.90 


1840 


661 


3 


904.0 


18 


50 


0.75 


0.56 


1.00 


1251 


445.4 


664.5 


21 


79 


-0.21 


-0.10 


0.12 


1014 


520 


5 


626.8 


18 


93 


0.47 


0.76 


1.09 


1153 


924.3 


646.8 


21 


86 


1.30 


0.70 


0.01 


132 


212 


2 


163.2 


19 


03 


1.03 


0.75 


1.40 


612 


121.4 


526.7 


21 


88 


1.39 


0.91 


1.93 


1055 


532 


2 


632.3 


19 


93 


0.14 


-0.03 




997 


452.5 


624.0 


21 


88 


0.05 


0.25 


0.37 


332 


217 


6 


329.1 


20 


00 


0.87 


0.62 


1.12 


999 


510.9 


624.3 


21 


89 


-0.24 


0.06 


0.10 


1899 


205 


9 


959.4 


20 


35 


1.13 


0.83 


1.51 


1134 


490.3 


643.0 


21 


95 


-0.05 


-0.14 


0.15 


1614 


270 


6 


775.3 


20 


38 


0.94 


0.72 


1.28 


225 


179.7 


234.9 


22 


01 


0.50 


0.27 


0.51 


47 


583 


7 


58.8 


20 


42 


0.76 


0.41 


0.83 


1047 


459.0 


630.9 


22 


02 


0.58 


0.70 


1.16 


1002 


522 


6 


624.7 


20 


42 


0.23 


0.04 


0.27 


980 


461.8 


621.8 


22 


04 


-0.01 


-0.15 


0.17 


956 


508 


3 


619.5 


20 


49 


1.37 


0.81 


1.38 


885 


462.8 


606.8 


22 


04 


0.32 


0.34 


0.71 


1140 


512 


3 


644.1 


20 


59 


-0.49 


0.03 


- 0.06 


930 


750.6 


615.1 


22 


11 


0.72 


-0.20 


-0.22 


1896 


191 


1 


953.4 


20 


60 


0.52 


0.28 


0.67 


335 


667.4 


330.6 


22 


15 


1.26 


1.95 


2.46 


1116 


508 


8 


640.8 


20 


63 


0.05 


-0.03 


0.01 


963 


452.1 


619.9 


22 


18 


0.18 


0.33 


0.56 


251 


222 


9 


261.1 


20 


71 


0.65 


0.42 


0.82 


1483 


473.6 


725.3 


22 


19 


0.02 


-0.01 


0.07 


1058 


521 


9 


632.7 


20 


81 


1.43 


0.87 




1863 


555.2 


928.1 


22 


20 


0.02 


0.25 


0.39 


821 


489 


3 


593.8 


20 


92 


1.24 


1.00 




968 


506.1 


620.1 


22 


20 


0.00 


0.30 


0.24 


96 


813 


8 


127.9 


21 


03 


0.34 


0.18 


0.56 


900 


512.0 


609.4 


22 


24 


-0.08 


-0.09 


-0.05 


234 


826 


4 


247.7 


21 


11 


1.45 


0.95 


2.15 


1691 


359.6 


818.7 


22 


25 


0.52 


0.20 


0.84 


174 


740 





198.1 


21 


18 


0.47 


0.35 


0.67 


1415 


449.9 


701.5 


22 


26 


0.25 


0.10 


0.47 


975 


957 


8 


620.9 


21 


20 


0.30 


0.30 


0.61 


554 


925.4 


496.3 


22 


38 


0.90 


0.25 


0.75 


21 


473 


4 


27.0 


21 


26 


1.56 


0.35 


0.16 


406 


714.3 


369.2 


22 


40 


0.88 


0.14 


0.59 


1280 


166 


7 


669.7 


21 


30 


0.23 


0.17 


0.35 


388 


820.7 


359.4 


22 


47 


0.03 


0.41 


0.38 


404 


932 


9 


368.8 


21 


34 


0.61 


0.29 


0.70 


1024 


486.6 


627.7 


22 


48 


0.20 


0.62 


1.08 


1490 


477 


1 


726.3 


21 


38 


0.51 


0.75 


1.07 


1609 


241.3 


773.7 


22 


49 


0.70 


1.49 


0.82 
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Table 3 

BVBI STTRFACE PHOTOMETRY OF UKS 2323 326. 



reS ["] fJ-B fJ-v m fJ-i r-out ["] B V R I 



3. 


,4 


23 


.41 


22, 


.90 


22 


.60 


22 


.22 


4. 


,8 


18. 


,73 


18, 


.17 


17, 


.84 


17, 


.45 


7. 


,6 


23 


.32 


22, 


,82 


22 


.53 


22 


.18 


9, 


,6 


17, 


,05 


16, 


,58 


16, 


,28 


15, 


.93 


1 9 


9 
.z 


zo, 


.OD 


99 

zz. 


on 
.yu 


99 


.oy 


99 
zz 


99 

.ZZ 


1 A 


A 


lU. 


9n 

,zu 


10. 


. / o 


10. 


A A 


10, 


no 
.uy 


17, 


.0 


23 


.46 


22, 


.93 


22 


.64 


22, 


.28 


19, 


.2 


15, 


,62 


15, 


.14 


14, 


.85 


14, 


.47 


21, 


.7 


23, 


.62 


23, 


.05 


22, 


.76 


22, 


.35 


24, 


.0 


15. 


,16 


14, 


.68 


14, 


.36 


13, 


.99 


26, 


.5 


23 


.80 


23, 


.27 


22, 


.96 


22, 


.56 


28, 


.8 


14. 


,83 


14, 


.36 


14, 


.04 


13, 


.67 


31, 


,3 


24, 


.10 


23, 


,56 


23 


.22 


22, 


.88 


33, 


,6 


14, 


,63 


14, 


,14 


13, 


,82 


13 


.44 


36, 


,1 


24, 


.40 


23, 


,83 


23 


.50 


23, 


.16 


38, 


,4 


14, 


,48 


13, 


,97 


13, 


,65 


13, 


.26 


40, 


,9 


24, 


.83 


24, 


,14 


23 


.79 


23 


.42 


43, 


,2 


14, 


,37 


13, 


,85 


13, 


,53 


13, 


.14 


45, 


.7 


25, 


.01 


24, 


.38 


24, 


.07 


23, 


.75 


48, 


.0 


14. 


,28 


13, 


.76 


13, 


.43 


13, 


.06 


50, 


.5 


25, 


.52 


24, 


.66 


24, 


.43 


24, 


.11 


52, 


.8 


14. 


,22 


13, 


.69 


13, 


.36 


12, 


.99 


55, 


,3 


25, 


.51 


24, 


,87 


24, 


.63 


24, 


.35 


57, 


,6 


14, 


,17 


13, 


,63 


13, 


,30 


12, 


.94 


60, 


.0 


25, 


.89 


25, 


.23 


24, 


.87 


24, 


.66 


62, 


.4 


14. 


,13 


13, 


.58 


13, 


.25 


12, 


.90 


64, 


.8 


26, 


.15 


25, 


.37 


25, 


.16 


24, 


.86 


67, 


.2 


14. 


,10 


13, 


.53 


13, 


.21 


12, 


.86 


69, 


.6 


26, 


.49 


25, 


.54 


25, 


.33 


25, 


.39 


72, 


.0 


14. 


,07 


13, 


.50 


13, 


.18 


12, 


.83 


74, 


.4 


26, 


.48 


25, 


.77 


25, 


.57 


25, 


.41 


76, 


.8 


14. 


,04 


13, 


.46 


13, 


.14 


12, 


.80 


79, 


.2 


26, 


.46 


26, 


.05 


25, 


.88 


25, 


.84 


81, 


.6 


13. 


,98 


13, 


.40 


13, 


.10 


12, 


.76 



Table 4 

BASIC INFORMATION OF UKS 2323-326. 



Parameter 




Information 


Reference 


ai950, <5l950 




23''23™47''.6 ,-32°39'57" 


1 


l,h 




11.86 deg, -70.86 deg 


1 


HI heliocentric radial velocity, Wq 




62 ±5 km s-^ 


1 


Foreground reddening, E{B ~V) 




0.014 mag 


2 


Distance 


(m - M)o 


= 26.59 ± 0.12, d = 2.08 ± 0.12 Mpc 


this study 


Central surface brightness 


/^b(0) = 


: 23.4 , /xy(0) = 22.9 mag arcsec'^ 


this study 


Core radius 




32 arcsec = 320 pc 


this study 


Standard radius, r25 




46 arcsec = 460 pc 


this study 


Holmberg radius, ru 




70 arcsec = 700 pc 


this study 


Apparent total magnitude (< Th) 


B 


= 14.07 mag, V = 13.50 mag 


this study 


Absolute total magnitude 


Mb = 


-12.58 mag, My = -13.14 mag 


this study 


RGB metallicity, [Fe/H] 




-1.98 ±0.17 dex 


this study 


HI Flux 




15 ±3 .ly km-i 


1 


HI mass, Mhi 




1.5 ±0.3 X IO^Mq 


this study 



References. — (1) Longmore et al. (1978); (2) Schlegel, Finkbeiner & Davis (1998). 



